ABSTRACT 0273-1223193 $24-00 Copyright © 1993 1A WQ It has been estimated that over 50% of whey production world wide constitutes a pollution problem to the environment. A proportion of the work carried out to make use of whey nutrients has not been commercially viable. A simple process has been developed, at the laboratory and pilot plant scales, resulting in a complete recovery of nutrients from whole whey or whey fractions for animal feeding and no further waste or effluent is generated. The economics of the proposed process rely on efficient use of inexpensive ingredients (or waste materials, from other agricultural sources) to overcome the high cost of dewatering and drying.
INTRODUCTION
Whey is a by-product of the cheese and casein manufacturing industry and contains over 50% of the initial milk solids and over 85% of the initial milk volume (Kosikowski, 1977) . Whey is composed mainly of protein and lactose (Table 1) . Traditionally, whey has been considered a waste product of the dairy industry and this has led to its disposal into the nearest waterway or over land (Biochemical Oxygen Demand of whey averages 40,000 p.p.m.). Although advanced technologies for the utilization of whey have been made and introduced in the last few decades, the fact remains that up to half of the whey produced world wide ends up in the environment. In Australia, about 44% of whey produced is currently processed into value added products (Zadow, 1987) . Within the 44% of whey processed for human consumption, ultrafiltration (UP) accounts for 26%. In the UF process whey protein is separated, dried and utilized as an ingredient in human foods. Left behind are the bulk of whey solids in the form of lactose and minerals (permeate fraction) as a by product of the UF process. On this basis the utilization of whey solids in Australia is less than 44%.
In U.SA, about 47% of whey solids produced have found use in human and animal diets (Clarke, 1987) . In the E.E.C. countries, 45% of whey produced is used as a liquid feed for animals (Cotton, 1985) . Although transport of liquid whey over any distance is both difficult and costly (Ryder, 1980; Marwaha and Kennedy, 1988) , it is the only option available to many European countries to legally dispose whey in an acceptable form.
PRESENT Despite the range of options available, few potential uses have been developed to the point of commercial reality. The reasons are largely economic but are also, in part, technological. The problems associated with the economic use of whey include the: -large volume of water to be removed for the small amount of product obtained -perishable nature of whey -seasonal whey production with peak and trough periods throughout the year -need to transport whey to a central processing plant to achieve economy of scale -the availability of alternative feed ingredients at low cost makes processing of whey for animal feeding unattractive -high cost of energy to process and dry whey products.
In order to develop whey products that can compete effectively in the stock feed market place, an examination of the comparative advantages of whey nutrients over the alternatives is required.
Positive Factors
The nutritive value of whey protein is very high compared with other sources of protein as measured in terms of the biological value of proteins and reported by Warner (1981) . The high biological value for whey protein is a reflection of the high content and availability of the essential amino acids compared to other sources of proteins. The nutritional importance of the essential amino acids is due to the fact that humans and animals cannot synthesise these amino acids themselves, it is therefore essential for them to obtain these amino acids from external sources through their diets. In feedlot situations, feeding of high concentrate/restricted roughage diets to lactating cows can cause a marked depression in milk fat content. Inclusion of dried whey in these diets has been found to alleviate the problem of fat depression with no adverse effect on milk yield (Huber, Polan and Rosser, 1976; Schingoathe, Stake and Owen, 1973) Negative Factors
Lactose (milk sugar) accounts for 80-90% of the total solids of whey and is composed of two monosaccharides, glucose and galactose. Nutritionally, the problem associated with lactose utilization is the difficulty of some races of humans and animals to digest it (lactose intolerance). This is due to lack of lactase secretion which catalyses the degradation of lactose into its simple sugar components. However, poultry can tolerate up to 5% lactose in their diets (Al-Ubaidi and Bird, 1964; Balloum and Khajerarn, 1974) . The level of lactose tolerance for pigs (up to 30%) could vary within breed (Ekstrom, Benevenga and Grummer, 1975 a, b, c) . Lactose tolerance of ruminants also varies with age of animals with up to 17.5% lactose of total dry matter intake being satisfactory for lactating cows (Arkinson, Kratzer and Stewart, 1957 ) and up to 30% for growing ruminants (Anderson et al., 1974; Lynch et aI., 1975) .
PROCESS DEVELOPMENT Product One
Bentonite is a form of clay and consists mainly of silica and aluminium oxides. Sodium bentonite has adsorption capacity for protein; water, minerals, vitamins and other compounds through its ion exchange characteristics. Early studies (Ensminger and Gieseking, 1942, Pinck and Allison, 1954) showed that mixing bentonite with protein forms a complex between the two. These bentonite protein complexes were found to be resistant to decomposition by proteolytic enzymes (pepsin and pancreatic) and soil microorganisms. The adsorption capacity of bentonite has been exploited for recovery of protein from whey (Cerbulis, 1978; Guy, 1979) .
In the feed industry, bentonite is used as a binder in feed pelleting and as a feed additive in animal nutrition to improve their productive performance (Brine and Schultz, 1969, Rindsig, Schultz and Shook, 1969) . In the present study bentonite was used as an ion exchanger to recover protein from whey and to partly protect whey protein from degradation by the microbial enzymes in the rumen. The protein bentonite complex formed, by-passes the rumen to be digested in the small intestine resulting in more efficient production of meat, milk or wool.
In Australia, large bentonite deposits are available in the states of New South Wales and Queensland and several grades of bentonite of different chemical and physical properties are available commercially. Figure 1 indicates that commercial bentonites varied in their effectiveness to extract protein from whey. Protein recovery was associated with the water absorption capacity of bentonites. The optimum pH for protein recovery was in the acidic range of 3-4. The effectiveness of various bentonites to recover whey protein under different pH conditions.
Several technologies have been examined to separate the formed protein bentanite complex from the lactose and inineral fraction.
Gravitt sedimentation. This batch type process offers the simplest technology where the formed protein bentonite complex is left to precipitate by gravity for several hours. The clear supernatant can then be siphoned off or pumped. The efficiency of product separation is governed by sediment compactabUity (height), clarity of supernatant and the operator skill to remove the supernatant without stirring the sediment into it. Protein content of the final product would therefore depend on the amount of supernatant (lactose and minerals) remaining with the precipitate.
Membrane microfiltration. The protein bentonite complex can be filtered through a membrane filter (O.2J.Un pore size) but is limited by membrane fouling (blockage).The efficiency of separation has not been evaluated for continuous runs in a commercial situation.
CentrifQBati on. The use of a decanter was not satisfactory for separating the protein bentonite complex (low protein yield), however a desludging centrifuge separated the product satisfactorily.
Vacuum filtration. Vacuum filtration differs from the former technologies in that the product is separated in a cake form in thin layers which can easily be dried on a conveyor belt with a minimum of energy consumption. The product can also be washed of lactose during the filtration process or by reslurryin g and refiltering.
Prodl1ct Two
Recovery of protein from whey leaves behind the bulk of whey volume and a 5% solids solution (lactose and minerals). The material must be concentrated for further processing and membrane filtration or vacuum evaporation offer the most economical means for water removal.
In the present study, vacuum evaporation was used to concentrate whole whey or deproteinised whey to a maximum of 60% total solids. Carriers such as cellulatic cropping wastes were then introduced to absorb the concentrated lactose or whole whey concentrate prior to final drying. Use of carriers has been the catalyst to utilize whey for animal feeding in an economic mann er. The advantages include the following.
• Reduced energy requirements through increased product surface area during drying.
• Eliminati on of the sticky and lumpiness problems associated with dried lactose products.
• The hygroscopic nature of dried whey products is reduced.
• Handling and storage of whey products are improved.
PROCESS ECONOMICS
A computer model was developed to study the various processes, products and production costs.
Using the following assumptions product yield, composition and costs were calculated (Table 4) 
CONCLUSION
A process has been developed to make use of whey nutrients in animal feeding which eliminates by-product disposal. Feed supplements utilizing whole whey or its fractionated components, protein and lactose, have been produced at a pilot plant scale for nutritional trials. The whey products compared favourably with alternative feed ingredients when fed to sheep and dairy cattle. (Bogdanovic, Guirguis and Hodge, 1990) .
